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DESCRIPTION 

OPTICAL FILM AND PROCESS FOR PRODUCING THE SAME^ 

TECHNICAL FIELD OF THE INVENTION 
The present invention relates to an optical film 
suitably used as a variety of films used in a flat panel 
display, etc. and a raw material film thereof, a 
production method of the optical film, a protective film 
of a polarizer composed of the optical film, a polarizing 
film having the protective film and a phase difference 
film obtained by performing stretch processing on the 
optical film. 

BACKGOUND ART 
In a liquid crystal display and other flat panel 
displays, a phase plate, a polarizing plate and a liquid 
crystal cell substrate, etc. configured by including a 
thermoplastic resin film are used. As the phase plate, 
those obtained by stretching a raw material film, such as 
polycarbonate, giving a certain amount of retardation 
(also referred to as a phase difference) thereto, and 
putting two or more of them together are mainly used. 

As the polarizing plate, those obtained by stacking 
a protective film on an upper surface and a lower surface 
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of a polarizer made by polyvinyl alcohol are mainly used. 
As the protective film of a polarizer, a film obtained by 
a solution casting method of triacetyl cellulose is 
mainly used. As the liquid cirystal substrate film, a film 
5 made by polyethylene terephthalate (PET) is mainly used. 

Along with a recent flat panel display becoming 
larger, thinner and finer and to have an increased 
contrast, the above various thermoplastic resin films 
have been required to have highly less optical distortion 

10 than those in the conventional ones. It is because when 

the optical distortion is large, optical defects, such as 
color unevenness and color absence, etc., allover the 
flat panel display are caused. 

Conventionally, as an index for indicating optical 

15 distortion of various thermoplastic resin films, an 

amount of retardation has been mainly used. By making the 
value of the retardation amount small or a predetermined 
value and uniform on a plane, an effort to diminish the 
optical distortion has been made. For example, in a 

20 polarizer protective film, having a small and constant 
retardation amount allover the film has been its index. 

An optical film made by a thermoplastic resin 
wherein a retardation amount is small and constant 
allover the film has been proposed. 

25 As a polarizer protective film, conventionally, a 
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film made by a solution casting method of triacetyl 
cellulose (TAG) has been mainly used. A solution casting 
method film of TAG has a relatively small retardation 
being relatively constant on a film surface. However, 
5 there are disadvantages that it is poor in productivity, 
a solvent cannot be completely removed at the time of 
drying after the solution casting, and an emitted solvent 
gives an adverse effect on an electronic circuit and 
other parts of the flat panel display to cause an 

10 erroneous operation and display defective, etc. 

Therefore, recently, as a protective film, a film 
obtained by a melt extrusion method of a thermoplastic 
resin has been studied as substitute for the film by a 
solution casting method of TAG. For example, the Japanese 

15 Unexamined Patent Publication No. 2000-273204 discloses a 
technicjue of obtaining a sheet having a sheet thickness 
of 150 to 1000 ym, in-plane thickness tolerance (Pmax) on 
the sheet of 15 pm, roughness of the sheet surface of 
0.06 pm, and a retardation amount (maximum value) on the 

20 sheet surface of 15 nm, wherein a retardation amount is 
relatively constant and relatively small by performing 
melt extrusion molding on a specific theirmoplastic resin 
under a specific condition. 

However, the technique disclosed in the publication 

25 is for a thick sheet of 150 or more, generally, the 
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thinner the sheet thickness becomes, the larger the 
thickness unevenness tends to be comparing with the 
thickness, and optical distortion becomes worse. 
Therefore, there has been a problem that it was 
5 impossible to respond to a recent demand for a thinner 
flat display. 

Also, in the technique disclosed in the publication, 
there was a problem that a maximum value of an in-plane 
retardation amount was as much as 15 nm, which caused 
10 large optical distortion, so that it was impossible to 
respond to required performance of a flat panel display 
with still higher performance. 

DISCLOSURE OF THE INVENTION 
15 An object of the present invention is to provide an 

optical film having no residual solvent problem, small 
optical distortion, and no problem of color unevenness 
and color absence of a liquid display to be obtained when 
used as a polarizer protective film, a process for 
20 producing the optical film, a polarizer protective film 
configured by the optical film, a polarizing film having 
the protective film, and a phase difference film with 
small optical distortion obtained by performing stretch 
processing on the optical film. 
25 The present inventors have been committed 
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themselves to study for solving the above problems/ 
consequently, found a technique of making a retardation 
amount (Re) of an optical film to be obtained to be 10 nm 
or less by optimizing a melt extrusion condition and an 
5 operation condition of cooling drums, and completed as 
another invention . 

When the maximum value of Re becomes 0 nm, it means 
there is no in-plane optical distortion • However, even by 
using such a technique, the maximum value of Re is hardly 

10 made to be a certain level or less and there is a limit ^ 
Thus, the present inventors focused not only on the Re 
value but on the direction of a slow phase axis 
indicating directivity. At each point, the direction that 
birefringent becomes maximum is referred to as a slow 

15 phase axis, and the direction that the birefringent 
becomes minimum is referred to as a fast phase axis. 

The present inventors found that it is more 
important to control Re in a relation of an angle a made 
by the slow phase axis and the extruding direction of a 

20 thermoplastic resin than to only focus on Re to diminish 
it; a Z value expressed by ^^Z = [sin^ 2a] x [sin^ 
(n-Re/550) ] is suitable as the index; while it is 
preferable that the Z value is small, color unevenness 
and color absence of a liquid crystal display to be 

25 obtained largely change on a boundary of 6.0 x 10'^, and 
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when being at this value or smaller, it is possible to 
. respond to the recent high demands for a liquid crystal 
display. The present invention was completed based on the 
knowledge . 

5 Namely, according to the present invention, there 

is provided 

an optical film composed of a thermoplastic resin 
film obtained by using a melt extruding machine, 
characterized in that 
10 said thermoplastic resin film satisfies a relation 

of the formula below over the whole surface of the film 
when an angle made by the extruding direction of the 
thermoplastic resin film from the melt extruding machine 
and a slow phase axis at each point is a, and a 
15 retardation amount at each point is Re. 

[sin^ 2a] x [sin^ (n-Re/550) ] < 4.0 x 10*"^ 
Preferably, a value of said Re is 10 nm or less. 
Preferably, said thermoplastic resin is an 
alicyclic structure containing polymer. 
20 The optical film according to the present invention 

is preferably produced, for example, by a production 
method below. 

Ncunely, according to an example of the present 
invention, there is provided 
25 a production method of an optical film composed of 
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a thermoplastic resin film, including a step of cooling a 
molten thermoplastic resin extruded from an extruding 
machine by making it successively circumscribed with a 
first cooling dr\jm, a second cooling drum and a third 
5 cooling drum: 

wherein, when assuming that rotation speed of 
said third cooling drum is R3 (m/min.), and rotation 
speed of said second cooling drum is R2 (m/min.), a ratio 
of the R3 and R2 (R3/R2) is made to be 0.990 or more but 

10 less than 0.999 to cool said thermoplastic resin. 

In the production method, it is preferable that, 
when assuming a resin contact time in said first cooling 
drum is ti (sec), a temperature when said thermoplastic 
resin moves away from said first cooling drum is Tpi (**C) , 

15 and a glass transition temperature of said thermoplastic 
resin is Tg (""C) , ti x (Tpi - Tg) (unit: sec. -deg) is 
made to be -50 or higher and 20 or lower to cool said 
thermoplastic resin . 

In the production method, it is preferable that, 

20 when assuming that rotation speed of said first cooling 
drum is Ri (m/min.), a ratio of the R2 and Ri (R2/R1) is 
made to be 0.990 or more but less than 1.01 to cool said 
thermoplastic resin. 

In the production method, it is preferable that, 

25 when assuming that a temperature when said thermoplastic 
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resin moves away from said third cooling driom is Tpa (^'C) , 
the Tpa is made to be a lower temperature than said Tg by 
50 to 100*^0 to cool said thermoplastic resin. 

In the production method, it is preferable that, 
5 when asstiming that a temperature when said thermoplastic 
resin moves away from said second cooling drtim is Tp2 
("^O , the Tp2 is made to be a lower temperature than said 
Tg by 0 to 60**C to cool said thermoplastic resin. 

In the production method, it is preferable that, a 
10 temperature difference of said first cooling drum and 
said second cooling drum is made to be 20**C or less to 
cool said thermoplastic resin. 

According to the present invention, there is 
provided a protective film of a polarizer composed of any 
15 one of the above optical films. 

According to the present invention, there is 
provided a polarizing film having a polarizer and the 
above protective film stacked on one surface or both 
surfaces of the polarizer via an adhesive layer. 
20 According to the present invention, there is 

provided a phase difference film obtained by performing 
stretch processing on any one of the above optical films. 
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BEST MODE FOR CARRYING OUT THE INVENTION 
An optical film according to the present invention 
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is configured by a thermoplastic resin film. 

The thermoplastic resin film used in the present 
invention includes at least a thermoplastic resin. 

The thermoplastic resin is not particularly limited 
5 as far as it is a resin normally used in producing an 
optical film. For example, polyethylene, polypropylene, 
an ethylene -propylene copolymer, polystyrene, 
polyacrylonitrile, an acrylonitrile-styrene copolymer, 
polyvinyl chloride, polymethyl methacrylate, polyethylene 

10 terephthalate, polybutylene tereph thai ate, polycarbonate 
and an alicyclic structure containing polymer, etc. may 
be mentioned. Among them, because of high transparency 
and excellent film strength, polyethylene terephthalate, 
polybutylene terephthalate and an alicyclic structure 

15 containing polymer are preferable and, furthermore, an 
alicyclic structure containing polymer is particularly 
preferable because a phase difference is easily made 
small . 

An alicyclic structure containing polymer is a 
20 polymer having a cyclic structure made by carbon -carbon 
saturated bonds (referred to as ^^an alicyclic structure" 
in the present invention) in a repeat unit and, for 
example, a well-known polymer disclosed in the Japanese 
Unexamined Patent Publication No. 2002-321302 may be used. 
25 For example , ring-opened polymers and the hydrogenated 
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products of monomers having a norbornene ring 
(hereinafter, referred to as norbornene") , addition 
polymers of norbornene and the hydrogenated products , 
addition copolymers of norbornene and a vinyl compound 
5 and the hydrogenated products; polymers obtained by 

hydrogenating aromatic ring of a polymer of polystyrene 
or other aromatic vinyl hydrocarbon compounds, addition 
polymers of monomers having an alicyclic structure and a 
vinyl group, addition polymers of monomers having one or 
10 more unsaturated bonds in a carbon-carbon cyclic 

structure and the hydrogenated products, etc. may be 
mentioned. 

The thermoplastic resin film used in the present 
invention may be blended with a variety of compounding 

15 agents in accordance with need other than the above 
thermoplastic resins. The compounding agents are not 
particularly limited. For example, antioxidants, heat 
stabilizers, light stsdDilizers , weather resistant 
stabilizers, ultraviolet ray absorbents, near infrared 

20 ray absorbents and other stabilizers; lubricants, 
plasticizers and other resin improvers; colorants, 
pigments and other coloring agents; antistatic agents, 
etc. may be mentioned. These compounding agents may be 
used alone or in combination of two or more kinds. A 

25 blending quantity of these compounding agents is suitably 
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selected in a range of not hindering the objects of the 
present invention. 

As antioxidants, phenol based antioxidants, 
phosphorus based antioxidants, and sulfur based 
antioxidants, etc. may be mentioned. Among these, phenol 
based antioxidants are preferable and alkyl-substituted 
phenol based antioxidants are particularly preferable. By 
including an antioxidant, coloring and strength decline 
due to deterioration by oxidization, etc. at the time of 
molding a molded product (a thermoplastic resin film) can 
be prevented without deteriorating transparency and a low 
water absorbing property of a thermoplastic resin film 
after melt extrusion molding, which will be explained 
later on. The antioxidants may be used alone or in 
combination of two or more kinds. A blending quantity of 
antioxidants is suitably selected in a range of not 
hindering the object of the present invention. Normally, 
it is 0.001 to 5 parts by weight or so and preferably 
0.01 to 1 part by weight with respect to 100 parts by 
weight of a thermoplastic resin. 

The thermoplastic resin film used in the present 
invention is produced by performing melt extrusion 
molding on a molding material including at least a 
thermoplastic resin. Specifically, first, a molding 
material is obtained by, for example, mixing a 
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thermoplastic resin and a variety of compounding agents. 
Next, the molding material is processed to be material 
pellets suitable for melt extrusion molding. Next, the 
material pellets are supplied to a melt extruding machine 
and processed to be a film shape by a melt extrusion 
method to obtain a thermoplastic resin film. The melt 
extrusion method is a method of heating and melting the 
material pellets in a cylinder, applying pressure by a 
screw, and extruding from a die, such as T-die, to be, 
for example, a film shape. Normally, a thermoplastic 
resin in a molten state extruded from a die is 
successively transferred by being circumscribed with a 
plurality of cooling drums, cooled during that time, then, 
subjected to necessary steps to be a thermoplastic resin 
film. A width of the thermoplastic resin film after 
passing through the cooling drums becomes narrower by 2 
to 10% due to neck-in comparing with a width of a molten 
thermoplastic resin immediately after being extruded from 
a die (same as a width of a lip of the die) . An end of 
the thermoplastic resin film in the width direction 
(hereinafter, also simply referred to as ^^an end") has a 
thicker thickness and larger optical distortion comparing 
with those on other parts of the film. 

In the present invention, since the thermoplastic 
resin film after cooling is for an optical use, normally. 
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sides thereof are suitably cut off before winding with a 
wind drum. The cut off parts will be called ^^selvage" in 
the present invention. A part of the cooled thermoplastic 
resin film yet to be stretched after removing parts to be 
the selvage will be referred to as ^^an optical film" in 
the present invention. As in a protective film and a 
liquid crystal substrate, etc. , when used in a state that 
a retardation amount is nearly zero, selvage is removed 
from the thermoplastic resin film yet to be stretched, 
the optical film is taken out and wound by a wind drum. 

The thermoplastic resin film used in the present 
invention is made to be an optical film, wound to be a 
roll shape by a wind drum, then, it may be subjected to 
the next step: a stretch step and an adhesion step to 
other film, etc. to be value-added. 

An average thickness of the thermoplastic resin 
film used in the present invention is not particularly 
limited. To make an optical film taken out from the 
thermoplastic resin film used in the present invention 
suitable to a thin flat panel display, etc., it is 
preferable that an average thickness of the thermoplastic 
resin film is made to be normally 100 pm or less, 
preferably 80 ym or less, particularly preferably 60 pm 
or less. An average thickness of the thermoplastic resin 
film can be freely set by changing a feeding speed of the 
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material pellets fed to the melt extrusion machine or a 
rotation speed of the cooling drum or the both, etc. 

The thermoplastic resin film used in the present 
invention satisfies the relation of the formula below on 
the whole surface of the film when assuming that an angle 
made by the extruding direction from the melt extrusion 
machine and a slow phase axis at each point is a, and a 
retardation amount at each point is Re. 

[sin^ 2a] x [sin^ (n-Re/550)] < 4.0 x 10"^ 

In the present invention, the left side of the 
equation [sin^ 2a] x [sin^ (n-Re/550)] is referred to as a 
Z value. The Z value is an amount corresponding to light 
leakage caused by retardation of the optical film. Linear 
polarization cannot transmit a polarizer having an 
absorption axis perpendicular to the light axis. However, 
when the linear polarization transmits the optical film 
with optical distortion (retardation is not zero) , a 
phase delays in the slow phase axis direction of the 
optical film, and a part of the linear polarization can 
transmit the polarizer. When a part of linear 
polarization transmits the polarizer, color unevenness 
and color absence are caused in a liquid crystal display 
using the optical film. 

In the above formula, as a wavelength of linear 
polarization, 550 nm which is a center wavelength of 
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visible light is applied, and a is normally defined as an 
angle made by a slow phase axis of the film and a light 
axis of linear polarization. However, when conducting a 
test of performance of an optical film alone, a cannot be 
5 defined. Therefore, the present inventors focused on an 
angle made by the extruding direction of the 
thermoplastic resin film to be an optical film from the 
melt extruding machine and a slow phase axis at each 
point, and used the same as a to define a Z value for an 

10 alternative characteristic. 

In recent years, as liquid crystal displays become 
larger, long optical films in roll shape, etc. are put 
together or such an optical film is put together with 
other long film to obtain a stacked body in many cases. 

15 Thus, defining a in relation with the longitudinal 

direction (same as the extruding direction from the melt 
extruding machine) of the stacked body is considered 
advantageous for managing quality of the optical film 
alone. 

20 Values of Re and a at each point as explained above 

can be measured by using a phase difference meter, etc., 
and a Z-value can be obtained from the values. 

A maximum value of the Z value can be obtained by 
measuring over a suitable longitudinal length and 

25 measuring points including a part close to an end of the 
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optical film in the width direction. The value can be 
applied as a substitute value. The maximiim value of the Z 
value is normally required to be 4.0 x 10'^, preferably 
3.8 X 10"^, and furthermore preferably 3.4 x 10"^. When 
5 the Z value is a predetermined value or less, a problem 
of color unevenness and color absence of a liquid crystal 
display to be obtained becomes furthermore smaller, and 
color unevenness and color absence are not visually 
sensed, so that the display quality is remarkably 

10 improved, which is preferable. 

In the present invention, the maximum value of Re 
is not particularly limited. However, Re over whole 
surface of the film is preferably 10 nm or less, more 
preferably 7 nm or less, and furthermore preferably 5 nm 

15 or less . When the Re value is a predetermined value or 

less, a problem of color unevenness and color absence of 
a liquid crystal display to be obtained becomes 
furthermore smaller. Also, color unevenness and color 
absence after a durability test become furthermore 

20 smaller, which is preferable. 

The Re value cain be measured by an optical method, 
such as an ellipsometer . As the maximiim value of Re, a 
value obtained by measuring over a suitable longitudinal 
length and measuring points including a part close to an 

25 end of the optical film in the width direction can be 
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applied as a substitute value. 

A method of producing an optical film according to 
the present invention which satisfies the cdDove 
conditions is not particularly limited. For example, a 
method of increasing a ratio of the selvage part to the 
whole film so as to satisfy the above conditions on the 
whole surface of the film may be mentioned. The ratio of 
the selvage part in this case is normally 3% or more on 
the right and the left, preferably 5% or more on the 
right and the left, particularly preferadDly 7% or more on 
the right and the left, preferably 40% or less on the 
right and the left, and particularly preferably 20% or 
less on the right and the left. Other than that, an 
optical film of the present invention can be also 
produced by optimizing the conditions from melt extrusion 
to winding of the thermoplastic resin film. 

Below, an example of a preferable production method 
of the optical film according to the present invention 
will be explained. 

A production method of an optical film according to 
the present invention includes a step of cooling a molten 
thermoplastic resin extruded from an extruding machine by 
making it circumscribed with a first cooling driom, second 
cooling drum and third cooling drum successively. After 
that, more preferaJDly, a step of cutting both end 



18 

portions in the width direction of the cooled 
thermoplastic resin, and a step of winding the cut 
thermoplastic resin in a roll shape are included. 

Here, in the cooling step, the thermoplastic resin 
5 is cooled to satisfy preferably at least any one of (1) 
to (6) below, more preferably at least (1) and (2) below, 
and particularly preferably all of (1) to (6) below. 

(1) When assuming that rotation speed of the third 
cooling drum is R3 (m/min.) and rotation speed of the 

10 second cooling drum is R2 (m/min.), the ratio of the R3 

and R2 (R3/R2) is made to be preferably 0.990 or more but 
less than 0.999, and more preferably 0.995 or more but 
less than 0.998 to cool the thermoplastic resin. When the 
value of R3/R2 is excessively large, a molten 

15 thermoplastic resin extruded from the extruding machine 
(hereinafter, also referred to as ^^a sheet thermoplastic 
resin'') is stretched and a retardation amount and the 
unevenness become large, which is not preferable. On the 
other hand, when the value of R3/R2 is excessively small, 

20 the sheet thermoplastic resin becomes slack and droops, 
the weight becomes tension to stretch the sheet 
thermoplastic resin, and a retardation amount and the 
unevenness become large, which is also unfavorable. To 
determine a set value of R3/R2/ the resin temperature is 

25 set to be appropriate for a contraction percentage of the 
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resin caused by a temperature decline from around the 
second cooling drum temperature to around the third 
cooling drum temperature when transferring the sheet 
thermoplastic resin from the second cooling drum to the 
5 third cooling drum. When the above rotation speed ratio 
is applied, it is possible to produce a thermoplastic 
resin film with a small and uniform retardation as a 
result that the sheet thermoplastic resin does not become 
slack and is stretched with a suitable tension. 

10 (2) When assuming that a resin contact time in the 

first cooling drum is ti (sec), a temperature when the 
thermoplastic resin moves away from the first cooling 
drum is Tpi (°C) , and a glass transition temperature of 
the thermoplastic resin is Tg (^C) , ti x (Tpi - Tg) 

15 (unit: sec. -deg) is made to be preferably -50 or higher 
and 20 or lower, and more preferably -40 or higher and 
+15 or lower to cool the thermoplastic resin. When the 
value of ti X (Tpi - Tg) is in the ranges, uniformity of 
a thickness of an optical film to be obtained Dr/Dave 

20 becomes small, and the maximiam value of Re becomes small, 
so that the optical film of the present invention can be 
easily obtained, 

(3) When assxaming that rotation speed of the first 
cooling drum is Ri (m/min.), the ratio of R2 and Ri 

25 (R2/R2) is preferably set to 0.990 or more but less than 
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1.01, and more preferably 0.995 or more but less than 
1.000 to cool the thermoplastic resin. When the value of 
R2/R1 is in the ranges, unevenness of a retardation 
amount of an optical film to be obtained becomes 
5 particularly small, and wrinkles when winding is hard to 
arise. 

(4) When assuming that a temperature when the 
thermoplastic resin moves away from the third cooling 
drum is Tpa (**C) , the Tpa is set to be lower than the 

10 above Tg preferably by 50 to 100 **C, and more preferably 
by 60 to SO^^C to cool the thermoplastic resin. When the 
value of the Tpa is in the ranges, unevenness of a 
retardation amount of an optical film to be obtained 
becomes particularly small, and wrinkles when winding is 

15 hard to arise. To make the temperature Tpa in the above 
ranges, it is sufficient to control the temperature of 
the third cooling drum and the second cooling drum. 

(5) When assuming that the temperature when the 
thermoplastic resin moves away from the second cooling 

20 drijun is Tp2 (**C) , the Tp2 is set to be lower than the 

above Tg preferably by 0 to 60^*0, and more preferably by 
20 to 40^*0 to cool the thermoplastic resin. When the 
value of the Tp2 is in the ranges, unevenness of a 
retardation amount of an optical film to be obtained 

25 becomes particularly small, and wrinkles when winding is 
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hard to arise. 

(6) A temperature difference of the first cooling 
driom and the second cooling drum is made to be preferably 
20*^0 or less, and more preferably 10**C or less to cool 
5 the thermoplastic resin. By cooling by maintaining the 

temperature difference of the two to be 20**C or less, the 
maximum value of retardation can be made small and 
display unevenness can be reduced. 

The optical film according to the present invention 

10 is suitable as a protective film of a polarizer of a 
liquid crystal display. The polarizer is obtained by 
perfoinning stretch processing after doping with iodine on 
a film made by a vinyl alcohol based polymer, such as 
polyvinyl alcohol and partially formalization polyvinyl 

15 alcohol . 

To protect the polarizer, the optical film of the 
present invention is staked as a protective film on one 
surface or both surfaces of the polarizer via a suitable 
adhesive layer, so that a polarizing film can be obtained. 

20 As the adhesive layer, an adhesive agent, etc. wherein a 
suitable polymer is a base polymer, such as an acryl 
based polymer, a silicon based polymer, polyester, 
polyure thane , polyether, and synthetic rubber is used. 
The optical film of the present invention is 

25 suitable to a material for producing a polarizing film as 
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a protective film by putting the longitudinal direction 
together with the longitudinal direction of a long 
polarizer (referred to as roll-to-roll) , and adhering to 
stack. 

5 The optical film of the present invention may be 

furthermore subjected to stretch processing to obtain a 
phase difference film. A phase difference film is a film 
having a uniform retardation amount of a predeteirmined 
value over the whole surface of the phase difference film. 

10 There are phase difference films of X/2 and X/4 , etc. of 
a light wavelength A to be used. For example, a tenter is 
used for performing stretch processing on the optical 
film of the present invention. A film temperature during 
stretching is, for example, (Tg - 100) **C or higher and 

15 (Tg + 40)**C or lower. Here, Tg is a glass transition 
temperature of a thermoplastic resin to be a material . 
Also, while the stretching ratio depends on a retardation 
value to be obtained and a thickness of the phase 
difference film, it is normally 1.05 times or more and 

20 3.0 times or less in the length direction (extruding 

direction of the thermoplastic resin film) and 0.2 times 
or less in the width direction, or may be uniaxially 
stretched in the length direction. 
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EXAMPLES 
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Below, the present invention will be explained more 
in detail by taking examples and comparative examples . 
'^Part" and ^'%" in the examples are based on weight unless 
otherwise mentioned. 
5 Preparation of various samples and tests were 

performed as below. 

(1) Average Thickness Dave of Film: 

By using a contact type film thickness meter, film 
thickness was obtained by measuring at every 500 mm over 
10 10 m in the film length direction (20 points) and at 5 

points at regular intervals in the width direction (unit: 
pm) . 

(2) a Re and Z value and Maximum Values of Re and Z 

Value : 

15 By using a phase difference measuring device 

(KOBRA-21ADH made by Oji Scientific Instruments) , a and 
Re (unit: nm) were measured at every 500 mm over 10 m in 
the film length direction (20 points) and at 5 points at 
regular intervals in the width direction, a Z value was 

20 calculated from the results, and the maximum values of Re 
and Z value were obtained from the values . A measurement 
wavelength was set to be 550 nm and an incident angle was 

(3) Whole Light Transmittance : 

25 As a simple test of color unevenness when using an 
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optical film obtained in the present experiment in a flat 
panel display, the whole light transmittance of the 
optical film was measured by the cross Nicole method 
based on JIS-K7105, and the average value was obtained 
5 (unit: %) , The value is ideally 0, but preferable when 
0,03% or less and defective when 0.04% or more. 
(4) Color Unevenness: 

Color unevenness and color absence which become a 
problem when used as a protective film of a polarizer 

10 were tested simply. The configuration of a liquid crystal 
display on market normally is that both surfaces of the 
polarizer are sandwiched by two protective films to 
obtain a polarizing plate ^ furthermore, both surfaces of 
the liquid crystal are (via other necessary layers) 

15 sandwiched by two polarizing plates. When there is 
optical distortion on the protective film, color 
unevenness and color absence allover the liquid crystal 
display are caused. Optical distortion of the optical 
film to be each protective film was tested simply as 

20 below. By preparing two polarizers on market of liquid 
crystal polyvinyl alcohol doped with iodine, the two 
polarlizers were put together so that their polarizing 
axes were at right angles to each other, an optical film 
obtained in the experiment was sandwiched between them to 

25 obtain three-layer structure made by the 
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polarizer /optical film/polarizer • Then , transmi ttance 
degree of an unpolarized light (natural light) was 
visually observed. In the present invention, an angle 
made with the length direction (the extruding direction 
5 of the thermoplastic resin film from a melt extruding 
machine) was defined as a and used as an alternative 
characteristic. Therefore, to confirm in other directions, 
leakage of the light was observed in respective 
directions on the film at respective measuring points by 

10 rotating the polarizer. Those with no light leakage 

observed were marked @, those hardly observed were o, 
those observed little were A, those clearly observed were 
X. The measurement points in the present invention were 
at every 500 mm over 10 m in the film length direction 

15 and at 10 points at regular intervals in the width 
direction. 

(5) Simple liicpjid Crystal Display Test: 
Color unevenness and color absence which become a 
problem when used as a protective film of a polarizer 

20 were tested simply by using an actual liquid crystal 
display. A polarizing film was peeled from a liquid 
crystal cell veiry carefully on a display portion of a 
cellular phone on market (black and white two-graduation 
display, reflection type, a display area of 30 mm x 30 

25 mm) , and a polarizing film produced by using the optical 
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film of the present invention was stacked as a protective 
film on both surfaces of the polarizer to produce a test 
liquid crystal display. A part close to the end of the 
optical film in the width direction was used as a sample 
5 piece, and 10 mass % of polyvinyl alcohol solution was 
used for stacking. The above test liquid cirystal display 
was produced for each experiment example, a variety of 
characters and still images were displayed, and observed 
from viewable angles of 0** and 30"* to visually observe 

10 existence of color unevenness and color absence (a part 
where a proper color is not displayed) . Those at an 
approvable level were marked o, defectives were marked x, 
and those in the middle and not at an approvable level , 
were marked A. 

15 (6) Color Unevenness after Durability Test: 

A test piece of 1000 mm x 1000 mm was cut from the 
obtained optical film, and a high temperature high 
humidity durability promotion test at 80 °C and 90% RH for 
100 hours was conducted thereon. After that, the same 

20 color unevenness test as that in (4) was conducted on the 
taken out test piece. 
Example 1 

In a nitride atmosphere, 500 parts of dehydrated 
cyclohexane was mixed with 0.82 part of 1-hexene, 0.15 
25 part of dibutylether and 0.3 part of triisobutyl aluminum 
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in a reactor at the room temperature, then, while being 
kept at 45**C, a monomer mixture composed of 70 parts of 
tricyclo [4 .3.0. l^'^]deca-3, 7 diene (dicyclopentadiene, 
DCP) , 70 parts of tetracyclo [4 . 4 . 0 . 1^'^ . l'''^°]dodeca-3-ene 
5 (tetracyclo dodecene, TCD) , and 60 parts of 8-ethylidene- 
tetracyclo[4.4.0.1^'^.l^'^°] dodeca-3-ene (ethylidene 
tetracyclo dodecene, ETD) ; and 40 parts of tungsten 
hexachloride (0.7% toluene solution) were added 
continuously for two hours to bring polymerization. After 

10 that, the polymerized solution was added with 1.06 parts 
of butylglycidyl ether and 0.52 part of isopropyl alcohol 
to inactivate the polymerization catalyst and the 
polymerization reaction was stopped. 

Next, 100 parts of the polymerization reaction 

15 solution containing an obtained ring-opened polymer was 
added with 270 parts of cyclohexane, furthermore, added 
with 5 parts of nickel -alumina catalyst (made by Nikki 
Chemical Co., Ltd.) as a hydrogenated catalyst, applied 
pressure of 5 MPa by hydrogen, and heated to a 

20 temperature of 200 °C while agitating to bring reaction 

for 4 hours. Consequently, a reaction solution containing 
20% of a DCP/TCD/ETD ring-opened polymer hydrogenated 
polymer was obtained. 

Next, after removing the hydrogenated catalyst from 

25 the solution by filtering, 0.1 part of a soft polymer 
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(SEPTON2002 made by Kuraray Co., Ltd.) and 0,1 part of an 
antioxidant (IRGANOX made by Ciba Specialty Chemicals K. 
K.) with respect to 100 parts of the polymer were added 
to the obtained solution and dissolved. 
5 Next, cyclohexane and other volatile components 

were removed from the solution by using a cylinder shaped 
concentrating and drying device (made by Hitachi Ltd.), a 
molten hydrogenated polymer was extruded to be a strand 
shape from an extruding machine, cooled and pelletized to 

10 obtain a ring-opened polymer hydrogenate. The hydrogenate 
had a glass transition temperature Tg of 140°C. 

The obtained pellets are subjected to melt 
extrusion by a single-screw extrusion molding machine 
(made by Japan Steel Works Ltd.) having a cylinder inner 

15 diameter of 50 mm and a screw L/D value of 28 at a barrel 
temperature of 260*'C, and a sheet molten resin having a 
width of 650 mm was extruded from a coat hunger die at a 
die temperature of 260'*C. The result was made close to a 
first cooling drum (diameter of 200 mm, temperature Ti of 

20 135°C, rotation speed Ri of 14.50 m/min.), immediately 

transferred by a knife coater from the first cooling drum, 
then, to a second cooling drum (diameter of 350 mm, 
temperature T2 of 125 °C, rotation speed R2 of 14.46 
m/min.), then, to a third cooling drum (diameter of 350 

25 mm, temperature T3 of SO^'C, rotation speed R3 of 14.40 
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m/itiin.) successively, and cooling and smoothing of the 
front and back surfaces by transferring the cool drum 
surfaces were sequentially performed to obtain a 
thermoplastic resin film having a width of 550 mm (the 
5 neck-in was 50 mm on the right and the left) . The 

thermoplastic resin film passed through an adjustment 
drum, then, 30 mm was removed as selvage from both ends 
by a cutter, the result was wound in a roll shape by a 
wind drum, and a rolled optical film was obtained. 
10 Note that a contact time ti of the sheet 

thermoplastic resin with the first cooling drum was 3.1 
(seconds) , a resin ten^jerature Tpi when moving away from 
the first cooling drum was 132 (»c), a resin temperature 
Tp2 when moving away from the second cooling drum was 119 
15 (°C), and a resin temperature Tpa when moving away from 
the third cooling drum was 79 (°C) . (R3/R2) = 0.996, 
(R2/R1) = 0.997 and (ti x (Tpi - Tg) ) = -25 (unit: 
sec. -deg) . 

The above test items were conducted on the obtained 
20 optical film, and the results are shown in Table 1. 
Example 2 

Except for changing Ti in the example 1 to 130 °C, 
an optical film was produced in the same way as in the 
example 1. At this time, a contact time ti of a sheet 
25 thermoplastic resin with the first cooling drum was 3.1 
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(sec.)f a resin temperature Tpi when moving away from the 
first cooling drum was 128 {**C) , a resin temperature Tp2 
when moving away from the second cooling drum was 121 
(**C) , a resin temperature Tpa when moving away from the 
5 third cooling drum was 81 C^C), and ti x (Tpi - Tg) was. - 
37 (unit: sec. -deg) . Test results of an obtained optical 
film are shown in Table 1. 
Example 3 

Except for changing Ti in the example 1 to 130 °C 

10 and T2 to 120® C, an optical film was produced in the same 
way as in the example 1. At this time, a contact time ti 
of a sheet thermoplastic resin with the first cooling 
drum was 3.1 (sec), a resin temperature Tpi when moving 
away from the first cooling drtmi was 128 (**C) , a resin 

15 temperature Tp2 when moving away from the second cooling 
drum was 114 (^'C) , a resin temperature Tpa when moving 
away from the third cooling drum was 77 (**C) , and ti x 
(Tpi — Tg) was -37 (unit: sec. -deg) . Test results of an 

( obtained optical film are shown in Table 1 . 

20 Example 4 

Except for changing Ti in the example 1 to 140 °C 
and T2 to 100° C, an optical film was produced in the same 
way as in the example 1. At this time, a contact time ti 
of a sheet thermoplastic resin with the first cooling 

25 drijm was 3.1 (sec), a resin temperature Tpi when moving 
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away from the first cooling drum was 137 ("C) , a resin 
temperature Tpa when moving away from the second cooling 
drum was 96 ("C) , a resin temperature Tpa when moving 
away from the third cooling drum was 75 (°C) , and ti x 
5 (Tpi - Tg) was -9 (unit: sec. -deg) . Test results of an 
obtained optical film are shown in Table 1. 
Comparative Example 1 

Except for changing Ti in the example 1 to 125° C, 
an optical film was produced in the same way as in the 
3 example 1. At this time, a contact time ti of a sheet 
thermoplastic resin with the first cooling drum was 3.1 
(sec), a resin temperature Tpi when moving away from the 
first cooling drum was 123 (°C) , a resin temperature Tp2 
when moving away from the second cooling drum was 117 
CC) , a resin temperature Tpa when moving away from the 
third cooling drum was 79 (»C) , and tx x (Tp^ - Tg) was - 
53 (unit: sec. -deg) . Test results of an obtained optical 
film are shown in Table 1. 

Comparative Example 2 

Except for changing Ti in the example 1 to 125 "c 
and T2 to 120«C, an optical film was produced in the same 
way as in the example 1. At this time, a contact time t^ 
of a sheet thermoplastic resin with the first cooling 
drum was 3.1 (sec), a resin temperature Tp^ when moving 
away from the first cooling drum was 123 ("C) , a resin 
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temperature Tp2 when moving away from the second cooling 
drum was 115 {**C) , a resin temperature Tpa when moving 
away from the third cooling drum was 76 (""C) , and ti x 
(Tpi - Tg) was -53 (unit: sec. -deg) . Test results of an 
5 obtained optical film are shown in Table 1. 
Example 5 

Except for changing the width of the selvage to 150 
mm on the right and on the left, an optical film was 
produced in the same way as in the comparative example 2 . 

10 Test results of an obtained optical film are shown in 
Table 1. This example shows a result of testing by 
obtaining an optical film satisfying the requirements of 
the present invention by changing a width of the selvage 
comparing with the case of the comparative example 2. 

15 Note that various conditions at the time of 

producing a film are shown in Table 2. 



20 



25 



Table 1 
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Table 2 
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As shown in Table 1, the optical films of examples 
of the present invention have a small Z value comparing 
with those in the comparative examples, so that they are 
excellent in the whole light transmittance, polarization 
5 degree, color unevenness and color unevenness after a 
durability test. In the results of the examples 1 to 3 
and 5, the maximum Re values are smaller than the result 
of the example 4, so that color unevenness and results of 
the simple liquid crystal display test are excellent. In 
10 the results of the examples 1 to 3, the Z values are 

smaller than those in the results of the examples 4 and 5, 
so that color unevenness after a durability test is 
excellent. 

Next, a performance test in the case of performing 
15 stretch processing on the obtained optical film to obtain 
a phase difference film was conducted. The optical film 
obtained in the present invention can be made to be a 
phase difference film by performing stretch processing 
thereafter. A phase difference film is required to have a 
20 predetermined phase difference (retardation value) , and 
the value has to be uniform. To examine performance of 
the optical film of the present invention as a phase 
difference film as a raw material film, a test below was 
conducted . 

25 An obtained optical film obtained in the experiment 
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was cut out to be a test piece (a width of 100 mm and a 
length of 150 mm) , and the test piece was stretched at 
140*'C by 1.1 to 2 times in the longitudinal direction at 
a speed of 100 mm/min. The stretching ratio was adjusted 
so that an average retardation becomes 275±10 nm. The 
retardation was measured by the same measurement method 
as that in the (2) , and Re unevenness was obtained by 
dividing unevenness (difference between the maximum value 
and the minimxam value) by an average value. The 
measurement points were at a center portion in the width 
direction and 10 points at every 10 mm near the center in 
the length direction. 

Table 3 shows results of measuring Re unevenness 
after stretching in respective exan^les . 
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As shown in Table 3, the optical films of the 
examples of the present invention have smaller Z values 
than those in the case of comparative examples, so that 
retardation unevenness after stretch processing is small, 
which is excellent. Thus, the optical film of the present 
invention is suitable as a raw material film of a phase 
difference film. 



Industrial Applicability 
An optical film with small optical distortion is 
provided by the present invention. The optical film of 
the present invention is useful as a variety of optical 
films of a flat panel display, such as a protective film 
of a polarizer and a liquid crystal cell sxibstrate film. 
Also, the optical film of the present invention has small 
and unifoirm retardation, and it can be made to be a phase 
difference film having a predetermined uniform 
retardation by performing stretch processing after that. 
Therefore, the optical film of the present invention is 
useful as a raw material film of a phase difference film, 
etc. 



